The criteria, especially anatomical, for patient selection have received scant attention. We report our experience of balloon dilatation of the mitral valve by a bifoil or trefoil catheter in 50 patients with mitral stenosis. We also studied the effect of various clinical, haemodynamic, and echocardiographic variables on the outcome of the procedure and on the development of mitral regurgitation.
Patients and methods

PATIENTS
From May 1988 to June 1989 balloon dilatation of the mitral valve was attempted in 53 patients with symptomatic (New York Heart Association class II-IV) pliable isolated mitral stenosis (table 1) . We excluded those with active rheumatic carditis, extensive calcification, severe subvalvar disease, and more than mild mitral or aortic regurgitation. Technical reasons related to transseptal catheterisation prevented valve dilatation in two patients. In one patient the mitral valve could not be split despite repeated inflations. The final study group consisted of 50 patients of whom 41 were women and nine men (mean age 28 years (range 15-50)). Forty six were in sinus rhythm and four had atrial fibrillation. Sixteen patients had trivial (1 + ) and two mild (2 + ) mitral regurgitation. Fourteen patients also had mild aortic regurgitation. Ten patients had mitral restenosis after having had closed mitral commissurotomy 4-13 years before. Nineteen patients were in New York Heart Association class II, 30 in class III, and one in class IV. Fluoroscopy showed mild mitral valve calcification in 13 patients.
ECHOCARDIOGRAPHY
Cross sectional echocardiography was performed in all patients before and after the procedure. The structure of the mitral valve was examined for leaflet mobility, leaflet thickening, subvalvar disease, and calcification; a score was obtained for each valve as described previously.'0 Out of a possible score of 16 (for a severely fibrotic valve with important subvalvar disease and calcification) the severity ranged from 3 to 9 (mean 5 3). This accords with our clinical findings that all patients had pliable mitral stenosis.
EXERCISE TREADMILL PERFORMANCE
All patients except one (New York Heart Association class IV) underwent symptom limited treadmill exercise (standard Bruce protocol) before and after (within one week) the Stepwise linear regression analysis showed that mitral regurgitation (MR) was related to the presence of mitral regurgitation before 
COMPLICATIONS
Mitral regurgitation was the most common complication (fig 1) . In 22 (44%) of the 50 patients mitral regurgitation either developed for the first time or became worse. Most patients had trivial (5) or mild (12) regurgitation. In one patient severe regurgitation (grade 4) developed and he required emergency surgery. Mitral valve replacement was uneventful but he died in the postoperative period. Another patient with moderate mitral regurgitation (grade 3) underwent successful valve replacement for worsening cardiac failure four weeks after balloon dilatation. Of the remaining three patients with moderate regurgitation two were symptom free and one had grade II disablement at follow up 10 months later.
The development or increase in the grade of mitral regurgitation was predicted by the presence of regurgitation before dilatation and the severity of stenosis before the procedure. Cross sectional echocardiography immediately after the procedure showed a tear in the anterior mitral leaflet and chordal rupture in the patient with severe mitral regurgitation. Of the four patients with moderate regurgitation, chordal rupture was seen in two and a tear in the anterior cusp in one. None of the other patients with mitral regurgitation showed any abnormality on cross sectional echocardiography. The echocardiographic findings were confirmed in the two patients who had an operation.
A right heart oximetry series showed pulmonary to systemic flow ratios > 1-5 in four patients (1-6. 1-6, 1-7, and 1-9). There were transient ischaemic attacks in two patients, indicating embolic events. One had left hemiparesis and the other internuclear opthalmoplegia.
CLINICAL FOLLOW UP
In all but two patients symptoms improved. The New York Heart Association functional class (fig 2) improved to I in 45 patients, to II in three, and remained the same in two patients. It remained the same in the patient in whom severe mitral regurgitation (class IV) developed and in another who had moderate regurgitation after dilatation (class III). The average exercise time increased from 3-9 (2) to 7 2 (2) min (p < 0-001).
Discussion
Since the pioneer work of Harken et al, 13 Bailey,'4 and Baker et al," closed mitral commissurotomy has been the treatment of choice for rheumatic mitral stenosis. The technique has been perfected over the years and has become safe and effective. However, it has the drawback of being a surgical procedure. Over the past five years percutaneous balloon dilatation of the mitral valve has been tried as a treatment for stenotic mitral valves. The symptomatic and haemodynamic improvements after balloon dilatation by the single catheter technique (Inoue balloon catheter) and the double balloon technique have been well documented.'" Experience with the bifoil or trefoil catheter has been limited.8 9 Commissural splitting has been shown to be the mechanism responsible for a successful result."'6 The size of the balloon has been shown to determine the area of the valve after dilatation.'0 Smaller balloons probably just stretch the valve apparatus and a balloon with a larger effective dilating area is required for adequate commissural splitting. Palacios et al recommended a balloon dilating area > 4-9 cm'.' The average effective balloon dilating area in our series was 6-2 cm'. Balloon dilatation with the bifoil catheter produced a larger mean (SD) valve area (2-2 (0-8) cm') than the trefoil catheter (1 -8 (0 5) cm'; but the difference was not statistically significant (p = 0-2). Our results are comparable to the calculated valve area achieved with the double balloon technique (table 2) . The mean total duration of the procedure was 110 minutes (range 75-200) with a fluoroscopy time of 34 minutes (range 14-90). In the last 20 patients the mean fluoroscopy time was 19 minutes. A shorter fluoroscopy time is useful in pregnant patients with symptomatic mitral stenosis.
The severity of mitral stenosis was the only reliable predictor of outcome; the smaller the initial valve area, the larger was the percentage increase. Only five patients had valve area increase of < 100%. Studies of surgical commissurotomy and in vivo and in vitro balloon dilatation' 17 showed that the structural features of the mitral valve determined the success of the procedure. Those moderate (four cases) or severe regurgitation (one case) showed structural damage. Although the presence of mitral regurgitation before balloon dilatation predicted the development or worsening of regurgitation, most of these patients showed only a marginal increase in grade. Thus it seems that significant regurgitation will only occur when there is structural damage to the mitral valve. An oversized balloon catheter in the presence of significant stenosis (mean area = 0-7 cm2) may have played a role. In the patient with severe mitral regurgitation entanglement of the balloon with the chordae was believed to be the cause.
The incidence of significant left to right shunting at the atrial level, as in other series,'
was low. The long term effects of these shunts is unknown but there is some evidence that most atrial septal defects will close within 24 hours. We thank Mrs Amelia Smyth for statistical guidance and the staff of the cardiac catheterisation and non-invasive laboratories for their technical assistance.
